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7LUJX0XUHV5RPDQLD
'LVWDQFHEDVHGN11&ODVVLILFDWLRQRI*DERU-HW/RFDO'HVFULSWRUV
6]LGyQLD/HINRYLWVD/iV]Oy /HINRYLWVE
D³3HWUX0DLRU´ 8QLYHUVLW\1LFRODH,RUJD6WUHHW7LUJX0XUHV 5RPDQLD
E6DSLHQWLD8QLYHUVLW\$OHHD6LJKLVRDUHL&7LUJX0XUHV 5RPDQLD
$EVWUDFW
,QWKHGRPDLQRIDUWLILFLDOLQWHOOLJHQFHREMHFWGHWHFWLRQ KDVEHFRPHDSRSXODUDUHDRYHUWKHSDVWVHYHUDO\HDUV7KHFUHDWLRQRIDQ
DXWRPDWLFGHWHFWLRQV\VWHPSOD\VDQ LPSRUWDQW UROH LQ VHYHUDOGRPDLQVRI LQWHUHVW VXFKDVELRLQIRUPDWLFV WUDIILF VXSHUYLVLRQ
DFFHVVFRQWUROLGHQWLILFDWLRQDQGDXWKHQWLFDWLRQV\VWHPVDQGLQGXVWU\ XVLQJLQWHOOLJHQWURERWV HWF
&UHDWLQJVXFKD GHWHFWLRQV\VWHPLVDFKDOOHQJHIRUHYHU\UHVHDUFKHULQWKLVGRPDLQ7KHPDLQGLƥFXOW\FRPHVIURPWKHH[WUHPH
GLYHUVLW\LQZKLFKDOOREMHFWVDSSHDU7KH\KDYHD ODUJH YDULHW\RIDSSHDUDQFHDVSHFWIRUPGLPHQVLRQFRORUSRVLWLRQURWDWLRQ
DQJOHLOOXPLQDWLRQVKDGRZRURFFOXVLRQ
,Q WKLV DSSURDFK ZH DQDO\]HG SDUWEDVHG REMHFW GHWHFWLRQ V\VWHPV 7KHVH FDQ EH JHQHUDOO\ VHSDUDWHG LQ WKUHH PDLQ SKDVHV
GHWHFWLRQRI LQWHUHVW SRLQWV ORFDO GHVFULSWRU DQG WKHREMHFWPRGHO7KLV SDSHUSURSRVHV D QHZ ORFDO GHVFULSWRU IRU WKH VHFRQG
SKDVHDQGFRPSDUHVLWVGHWHFWLRQSHUIRUPDQFHZLWKVHYHUDOFODVVLILFDWLRQDOJRULWKPV
7KH GHYHORSHG SDWFK GHVFULSWRU LV EDVHG RQ WZRGLPHQVLRQDO *DERU ZDYHOHWV 7KH *DERU ILOWHUV DUH *DXVVLDQ PRGXODWHG
VLQXVRLGDOZDYHVZKLFKGHVFULEHWKHQHLJKERUKRRGRIDJLYHQLPDJHSL[HOLQWZRGLPHQVLRQDOVSDFH,WLVGHILQHGE\GHJUHHVRI
IUHHGRP(DFKRIWKHVHSDUDPHWHUVFDQKDYHDQLQILQLWHGHILQLWLRQGRPDLQ7KHJRDOLVWRUHGXFHWKHLQILQLWHQXPEHURISRVVLEOH
YDOXHVDQGWRGHWHUPLQHWKHPRVWDGHTXDWHILOWHUVIRUDJLYHQREMHFW7KHGHILQLWLRQGRPDLQRIWKHQLQHSDUDPHWHUVLVQDUURZHGE\
VRPH WKHRUHWLFDO FRQVLGHUDWLRQV DQG E\ WKH GLPHQVLRQ RI WKH LPDJH SDWFK DQDO\]HG $FFRUGLQJ WR RXU H[SHULPHQWV ZH KDYH
GHGXFHGVHWRI*DERUILOWHUUHVSRQVHVZKLFKFKDUDFWHUL]HWKHUHJLRQRILQWHUHVWLQDJLYHQLPDJH
7KHJRDORIWKLVDSSURDFKLVWRILQGWKHPRVWFKDUDFWHULVWLF*DERUILOWHUVIRUWKHREMHFWRILQWHUHVW$IWHUGHILQLQJPRUHWKRXVDQG
VXFKILOWHUVZLWKDVHOHFWLRQDOJRULWKP ZHGHWHUPLQHWKHPRVWGLVFULPLQDWLYH Q ILOWHUVEDVHGRQWKHWUDLQLQJVHWRILPDJHVDQGWKH
WRWDOQXPEHU RIGHILQHG*DERUILOWHUGHVFULSWRUV2QO\WKHILUVWEHVW Q FODVVLILHUVDUHJRLQJWRSOD\DUROHLQWKHFODVVLILFDWLRQRIWKH
LPDJHSDWFK
7KLVSDSHUFRPSDUHVWKHN11GHFLVLRQWR RWKHUOHDUQLQJPHWKRGVDV WKH*HQWOH%RRVWDOJRULWKPWKH690FODVVLILFDWLRQZKLFK
ZHKDYHXVHGLQRXUSUHYLRXVZRUNV
&RUUHVSRQGLQJDXWKRU7HO ID[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7KH FKRLFHRI*DERUZDYHOHWV IRU REMHFWGHWHFWLRQ LVZHOOIRXQGHG EHFDXVH LW KDVEHHQSK\VLRORJLFDOO\GHPRQVWUDWHG WKDW WKH
KXPDQYLVXDOFRUWH[V\VWHPZRUNVVLPLODUO\LQRWKHUZRUGV LWFDQEHPRGHOHGE\*DERU ILOWHUGHFRPSRVLWLRQ >@
,QRXUSUHYLRXVZRUNVZHKDYHGHILQHG DQRYHO*DERUILOWHU EDVHGSDWFKGHVFULSWRUV IRUREMHFW GHWHFWLRQ ,Q WKLV DSSURDFKZH
FODVVLI\ WKHP ZLWK GLIIHUHQW FODVVLILFDWLRQ PHWKRGV :H KDYH REWDLQHG KLJK FODVVLILFDWLRQ SHUIRUPDQFH ZLWK DQ HDV\
FRPSXWDWLRQDOO\VLPSOHDOJRULWKPDVN111HDUHVW1HLJKERUVPHWKRG ZKLFKUHGXFHVWKHWUDLQLQJSURFHVV
2XUFRQWULEXWLRQLVILQGLQJWKHPRVWDGHTXDWH*DERUILOWHUVSDUDPHWHUVFRQVLGHULQJDJLYHQREMHFWRUREMHFWSDUW$IWHUGHILQLQJD
QRYHOSDWFKGHVFULSWRUEDVHGRQWKHVHUHVSRQVHVZHFRPSDUHVHYHUDOFODVVLILFDWLRQPHWKRGV LQRUGHUWRREWDLQDVJRRGGHWHFWLRQ
SHUIRUPDQFHVDVSRVVLEOH
7KHPDLQFRQWULEXWLRQRIWKLVSDSHULVWRDSSO\DVLPSOHEXWHIILFLHQWFODVVLILFDWLRQPHWKRGDVWKHN11LQ RUGHUWRUHGXFHWKH
FRPSXWDWLRQVFRPSDUHGWRSUHYLRXVO\XVHGFODVVLILFDWLRQDOJRULWKPV>  @
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV SDUWEDVHGGHWHFWLRQ*DERUILOWHUVORFDOGHVFULSWRUN11FODVVLILFDWLRQ
 ,QWURGXFWLRQ
2EMHFWGHWHFWLRQ DQGYLVXDO FDWHJRUL]DWLRQKDVEHFRPHDSRSXODU DUHDRYHU WKHSDVW VHYHUDO \HDUV7KHJRDO RI
REMHFWGHWHFWLRQLVWRORFDOL]HWKHWDUJHWREMHFWRUWKHREMHFWFDWHJRULHVLQGLJLWDOLPDJHVRUYLGHRVHTXHQFHV
7KHUHDUH WZRGLIIHUHQWDSSURDFKHVZKLFKFDQEHGLVWLQJXLVKHG WKHJOREDODVSHFWEDVHGPHWKRGVDQG WKHSDUW
EDVHGPHWKRGV7KHV\VWHPVZKLFKFDQEHLQFOXGHGLQWKHILUVW FDWHJRU\FRQFHQWUDWHRQWKHGHWHFWLRQRIWKHZKROH
REMHFW 7KH ERWWOHQHFN RI WKLV DSSURDFK LV WKDW VXFK V\VWHPV KDYH WR KDQGOH YHU\ ODUJH GDWDEDVHV ZKLFK KDYH WR
FRYHUDOOWKHSRVVLEOH DVSHFWV RIWKH WDUJHWREMHFW([DFWO\IRU WKHVDPH UHDVRQ WKHQHZHVWDSSURDFKHVKDYHJLYHQXS
WKLV ZD\RIGHWHFWLQJREMHFWV1RZDGD\VPRVWZLGHVSUHDGGHWHFWLRQV\VWHPVGHDOZLWKWKHREMHFW DVDFRQVWHOODWLRQ
RILWVSDUWV>@ 6XUHO\ WKHVH W\SHVRIPRGHOVKDYHVHYHUDODGYDQWDJHV FRPSDUHGWRWKH JOREDOGHWHFWRUV WKH\FDQ
GHWHFWWKHREMHFWPRUHSUHFLVHO\FDQKDQGOHSDUWLDORFFOXVLRQRIGLIIHUHQWUHJLRQVRILQWHUHVW%XW WKH\QHHGVHSDUDWH
GDWDEDVHVIRUHDFKSDUWRIWKHREMHFWLQRUGHUWRDQDO\]HHDFKRIWKHP LQGHWDLO7KXVLWIROORZVDVORZHU SURFHVVLQJ
EHIRUHWKHILQDOGHFLVLRQFDQEH WDNHQ >@
,Q WKLVSDSHUZHSURSRVHDSDUWEDVHGREMHFWGHWHFWLRQV\VWHPZKLFK LVEXLOW IURP WKH WKUHH PDMRU SKDVHVRID
JHQHUDO SDUWEDVHG REMHFW GHWHFWLRQ V\VWHP WKH LQWHUHVW SRLQWV DUH H[WUDFWHG EDVHG RQ WZRGLPHQVLRQDO *DERU
ZDYHOHWV WKH QHLJKERULQJ SDWFK RI HYHU\ LQWHUHVW SRLQW LV GHVFULEHG E\ WKH GHYHORSHG ORFDO IHDWXUH >@ 7KHVH
GHVFULSWRUVDUHFODVVLILHGE\ PRUH FODVVLILFDWLRQPHWKRGV
,Q WKLV DUWLFOH ZH DSSO\ D VLPSOH EXW HIILFLHQW FODVVLILFDWLRQ PHWKRG QDPHO\ WKH N11 N1HDUHVW 1HLJKERU
PHWKRG IRUFODVVLILFDWLRQDQGGHWHFWLRQLQRUGHUWRUHGXFHWKH SURFHVVLQJ WLPHRIWKHV\VWHP
7KLVSDSHULVRUJDQL]HGDVIROORZVWKHILUVWVHFWLRQLVDVKRUWLQWURGXFWLRQLWIROORZVDVXPPDU\DERXWWKH UHODWHG
PRVWLPSRUWDQWZRUNVLQWKHVWDWHRIWKHDUW7KH VHFRQG VHFWLRQSUHVHQWVRXUPHWKRGDQGILQDOO\VRPHH[SHULPHQWDO
UHVXOWVDQGGHWHFWLRQSHUIRUPDQFHVDUHH[SRVHG
 5HODWHGZRUN
7KHPRVWDFFXUDWHSDUWEDVHGORFDOGHWHFWLRQV\VWHPVDUHGHWHFWLQJDQGH[WUDFWLQJWKHPRVWUHSUHVHQWDWLYHIHDWXUHV
IURPSDUWLFXODUSDUWVRIWKHREMHFW,QFRPSXWHUYLVLRQDZLGHDUHDRIVWDQGDUGIHDWXUHVKDVEHHQSURSRVHG DQGXVHG
VXFK DV 6FDOH ,QYDULDQW )HDWXUH 7UDQVIRUP 6,)7>@ 3&$6,)7 3ULQFLSDO &RPSRQHQW $QDO\VLV 6,)7 >@
+2*+LVWRJUDPRI2ULHQWHG*UDGLHQWV>@%DJRI:RUGV>@VLPLODULW\PHDVXUH >@
6XUHO\ QRQH RI WKHVH IHDWXUHV DSSOLHG RQ LWV RZQ FDQ OHDG WR WKH GHVLUHG GHWHFWLRQ SHUIRUPDQFH 7KLV LV WKH
UHDVRQZK\WKH\KDYHWREHLQFOXGHGLQFRPSOH[GHWHFWLRQV\VWHPV
,QRXUZRUNZHKDYHGHDOWZLWK'*DERUZDYHOHWVSOD\LQJWKHUROHRILQWHUHVWSRLQWGHWHFWRUVDQGGHVFULSWRUV DW
WKH VDPH WLPH:HKDYHFKRVHQ WKHVH ILOWHUVEHFDXVH WKHKXPDQFRUWLFDO V\VWHPFDQEHEHVWPRGHOHG XVLQJ WKHVH
W\SHVRI VLQXVRLGDOZDYHOHWV 6\VWHPVZKLFKDUHDOVREDVHGRQ*DERU ILOWHUV IRUREMHFWGHWHFWLRQDUH > @ WKH\
IRUP D MHW RI*DERU ILOWHUV ZLWK GLIIHUHQW IUHTXHQFLHV DQG RULHQWDWLRQV LQ RUGHU WR H[WUDFW WKHPRVW FKDUDFWHULVWLF
IHDWXUHVIRUDJLYHQREMHFW
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,Q WKLV SDSHUZHSURSRVH WR VLPSOLI\ WKH FODVVLILFDWLRQ DOJRULWKPDQGQHYHUWKHOHVV WRREWDLQ DYHU\ SHUIRUPDQW
GHWHFWRU ZLWK YHU\ KLJK GHWHFWLRQ SHUIRUPDQFHV )RU WKLV SXUSRVH ZH LQWHQG WR XVH WKH N1HDUHVW 1HLJKERU
FODVVLILFDWLRQDOJRULWKP
 2XU DSSURDFK
7KLVSDSHUSURSRVHV WRFUHDWHDQRYHO ORFDOGHVFULSWRUEDVHGRQ WZRGLPHQVLRQDO*DERUZDYHOHWVDQGFODVVLILHV
WKHREWDLQHGIHDWXUHYHFWRU ZKLFKGHVFULEHVWKHREMHFWSDUW ZLWKPRUHFODVVLILFDWLRQPHWKRGV7KHILUVWVWHSLVWKH
H[WUDFWLRQRILQWHUHVWSRLQWVLQWKHHYDOXDWHG LPDJH+HUHZHKDYHXVHGWKH*DERUILOWHUVWRH[WUDFWWKHVHSRLQWV7KH
FKRLFH RI*DERU ILOWHUV IRU REMHFW GHWHFWLRQ LV GHPRQVWUDWHG E\ VHYHUDO DXWKRUV ZKR KDYH SURYHQ WKH YDOLGLW\ RI
*DERUZDYHOHWV ZKLFKPRGHOWKHUHVSRQVHRIWKHFHOOVRIKXPDQYLVXDO FRUWLFDOILHOGV
7KH*DERUZDYHOHWLVDVLQXVRLGDOSODQHZDYHPRGXODWHGE\D*DXVVLDQVXUIDFHLQ'VSDFH(YHU\LPDJHFDQEH
GHFRPSRVHGE\DVHOHFWHGEDVLVRI*DERUZDYHOHWV,QRWKHUZRUGVHYHU\*DERUZDYHOHWH[WUDFWVDFHUWDLQIUHTXHQF\
GRPDLQ RI DQ LPDJH7KH JRDO LV WR VHOHFW WKRVH*DERU ILOWHUVZKLFK H[WUDFW GLIIHUHQW IUHTXHQFLHV IURP WKH VDPH
LPDJH LQVXFKDZD\ WKDW WKHREWDLQHGUHVSRQVHV GLVWLQJXLVKWKHREMHFWIURPWKHEDFNJURXQGV DVZHOODVSRVVLEOH
7KHGLVDGYDQWDJHRI*DERUILOWHUVFRPHVIURPLWVDQDO\WLFDOIRUP VHHHTXDWLRQZKLFKGHSHQGVRQSDUDPHWHUV

ZKHUH 
N
LV WKH DPSOLWXGH RI WKH *DXVVLDQ HQYHORSH T WKH URWDWLRQ DQJOH RI WKH *DXVVLDQ DQG WKH SODQH ZDYH
  D E WKH VWDQGDUG GHYLDWLRQ RI WKH *DXVVLDQ LQ '    [ \ WKH FHQWHU RI WKH *DXVVLDQ    [ Q WKH VSDWLDO
IUHTXHQF\RIWKHVLQXVRLGDOZDYHDQG 3 WKHSKDVHRIWKHZDYH
7KHVHSDUDPHWHUVFDQEHUHGXFHGWRRQO\    EZO D T ZKHUH O LV WKHZDYHOHQJWK EZ WKHEDQGZLGWK D
WKHDWWHQXDWLRQRI WKH*DXVVLDQ LQKRUL]RQWDOGLUHFWLRQDQG T LV WKHDQJOH HQFORVHGE\ WKHKRUL]RQWDOD[LVRI WKH
*DXVVLDQ DQG WKH SURSDJDWLRQ GLUHFWLRQ RI WKH ZDYH &RQVLGHULQJ WKHVH  SDUDPHWHUV ZH KDYH GHILQHG LQ RXU
SUHYLRXVZRUNV > @ WKHPRVW DGHTXDWH *DERU ILOWHUVZKLFK DUH DEOH WR GLVWLQJXLVK WKH WDUJHW REMHFW IURP
RWKHUREMHFWRUIURPWKHEDFNJURXQG
%DVHGRQWKHVHWKHV\VWHPFRPSXWHVWKHILOWHUUHVSRQVHVFHQWHUHGRQWKHLPDJHSDWFK,QRUGHUWRFKRRVHRQO\WKH
PRVWUHSUHVHQWDWLYHILOWHUVDQGWKHZHLJKWRIHDFKRQHLQWKHILQDOGHFLVLRQDOHDUQLQJDOJRULWKP KDVWR EHDSSOLHG,Q
RXUSUHYLRXVSDSHUVZHSURSRVHGWKH*HQWOH%RRVWDOJRULWKP>@ WKH6XSSRUW9HFWRU0DFKLQHV>@DQGWKH5DGLDO
%DVLV)XQFWLRQ1HXUDO1HWZRUN>@IRUWKLVSXUSRVH
,Q WKLVDUWLFOH WKHHIIHFWDQGFODVVLILFDWLRQSHUIRUPDQFHRI WKHN11PHWKRG LVDQDO\]HG LQGHWDLO IRU WKH VDPH
ORFDO GHVFULSWRU SUHYLRXVO\ REWDLQHG 7KLV PHWKRG LV EDVHG RQ WKH GLVWDQFHV RI WKH IHDWXUH YHFWRUV LQ D
PXOWLGLPHQVLRQDOVSDFHDQGPDNHV WKHILQDOGHFLVLRQ FRQVLGHULQJ WKHNQHDUHVWLQVWDQFHVIURPWKHWUDLQLQJVHW
)LJ7ZRFODVV110DWODEH[DPSOHZLWK(XFOLGHDQGLVWDQFH
7KHN1HDUHVW1HLJKERUDOJRULWKPLVYHU\VLPSOHWRLPSOHPHQW LQSUDFWLFHDQG LW LVHDV\WRXQGHUVWDQG
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,W LVDQRQSDUDPHWULFOD]\DOJRULWKP>@1RQSDUDPHWULFUHIHUVWRWKHIDFWWKDWWKH DOJRULWKP GRHVQRWPDNHDQ\
DVVXPSWLRQVRQWKHXQGHUO\LQJGDWDGLVWULEXWLRQ 7KH N11 PHWKRG LVDQLQVWDQFHEDVHGOHDUQLQJRUOD]\OHDUQLQJ
ZKHUH WKHIXQFWLRQ LVRQO\DSSUR[LPDWHG ORFDOO\DQGDOOFRPSXWDWLRQVDUH SRVWSRQHGXQWLOFODVVLILFDWLRQ7KXV WKH
WUDLQLQJLVYHU\VLPSOHRUFDQEHQHJOHFWHGVRLWVFRPSOH[LW\LVPLQLPDO 7KHFRPSXWDWLRQFRVWLVRYHUWDNHQE\WKH
WHVW SKDVH ,I WKH WUDLQLQJ GDWD VHW LV D G GLPHQVLRQDO IHDWXUH VSDFH DQG WKHUH DUH Q HQWLWLHV LQ WKH VHW WKDQ WKH
FRPSOH[LW\RIWKHWHVWSKDVHLV  2 GQ 
7KH PRVW LPSRUWDQW DGYDQWDJH LV WKH HDVH RI KDQGOLQJ PXOWLGLPHQVLRQDO IHDWXUH VSDFH 8VXDOO\ WKH WUDLQLQJ
H[DPSOHVDUHODEHOOHGLQWZRFODVVHVSRVLWLYHVDQGQHJDWLYHV LQRXUFDVHWDUJHWREMHFWRUEDFNJURXQG%HFDXVHWKH
IHDWXUH VSDFH LV D PHWULF VSDFH ZH FDQ GHILQH GLVWDQFHV EHWZHHQ WZR IHDWXUH YHFWRUV ,Q JHQHUDO WKH (XFOLGHDQ
GLVWDQFHLVFRQVLGHUHGEXWRQHFDQXVH0LQNRZVNL0DQKDWWDQDQG+DPPLQJGLVWDQFHV
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